The characterization of several MAP3Ks that have the capacity to activate MAP kinases from more than one MAP kinase family has provoked a reconsideration of cascade architecture. Why are there multiple MAP3Ks for any given MAP kinase? Some ligands may stimulate a single MAP3K. Other ligands may activate more than one MAP3K, causing a more complex response through parallel activation of pathways and amplification of the signal to a pathway accessed by more than one MAP3K.
Stimuli Couple to Subsets of Kinase Components
The characterization of several MAP3Ks that have the capacity to activate MAP kinases from more than one MAP kinase family has provoked a reconsideration of cascade architecture. Why are there multiple MAP3Ks for any given MAP kinase? Some ligands may stimulate a single MAP3K. Other ligands may activate more than one MAP3K, causing a more complex response through parallel activation of pathways and amplification of the signal to a pathway accessed by more than one MAP3K.
These potential mechanisms were evaluated by studying the requirement for MAP3Ks in the activation of the JNK pathway in Drosophila S2 cells [12] . In these cells, loss of the TGFβ β-activated kinase (TAK1), a MAP3K, completely abrogated JNK activation by lipopolysaccharide. On the other hand, osmotic stresses used four MAP3Ks to activate JNK. Lipopolysaccharide acts predominantly through a single receptor, TLR4, while osmotic stresses conscript diverse mechanisms including growth factor receptor transactivation [13] . [3] . Their studies revealed that, in spite of a differential requirement for MKK3 and MKK6, both were essential for activation of p38 by TNFα α. Intriguingly, they found that fibroblasts lacking both MKK3 and MKK6 showed residual UV-activation of p38 which was dependent on MKK4. This provided the first evidence for a physiological role of MKK4 in a p38 pathway.
MAP2Ks May Be Called Up For Overtime Duty
Agents that engender global changes in cell homeostasis, such as UV and osmotic shock, may do so by harnessing multiple MAP2Ks and MAP3Ks in different pathways to generate a pleiotropic response. Consistent with the linkage of MAP2Ks to p38 as a function of stimulus, Brancho et al. [3] also showed that ligands which activate p38 use the upstream activators of p38 differentially to achieve the desired response. This feature is mirrored in the JNK pathway, where it has been shown that the JNK activators anisomycin and heat shock preferentially use MKK4 over MKK7 [15] , but proinflammatory cytokines use predominantly MKK7 [16] .
With all the ligands tested, however, maximum activation required two MAP2Ks: MKK3 and MKK6 for p38, and MKK4 and MKK7 for JNK. The requirement for both MAP2Ks has been attributed to the selective recognition of individual phosphorylation sites by these MAP2Ks: in vitro MKK4 preferentially catalyzes phosphorylation of the activation loop tyrosine, while MKK7 phosphorylates the threonine [16, 17] . The fact that these MAP kinases are still activated in the absence of Current Biology R887 
MAP2K-Independent Activation of MAP Kinases
The predominant mode of MAP kinase activation is by dual phosphorylation by MAP2Ks on the activation loop sites. Nevertheless, MAP2K-independent activation has been reported for p38 via the TAK1 binding protein TAB1 [18] . TAB1 enhances p38 autophosphorylation in a stimulus-specific manner in the absence of MKK3 and MKK6. Activation of p38 by ischemia as a consequence of myocardial injury, for example, reportedly occurs by TAB1-induced p38 autophosphorylation [19] . Scaffolds may more generally take an active part in kinase activation than previously recognized. The motor-binding protein TPX2 has been shown to promote activation of the Aurora A kinase by promoting its autophosphorylation [20] .
In conclusion, these studies provide insight into the myriad mechanisms that create specificity from the three kinase module. Signals initiated by diverse extracellular ligands induce ligand-specific re-wiring of kinase components via scaffolding proteins and distinct binding motifs to produce signal-specific, custommade signal transduction cascades.
